Abstract. The quality of the dimuon measurements made by NA60, in proton-nucleus and heavyion collisions, is much better than that reached by previous experiments, such as NA38 and NA50. The most important improvement is due to the use of a radiation-tolerant silicon vertex telescope, placed immediately downstream of the target. This allows NA60 to do a high quality measurement of φ meson yields and p T distributions. This paper presents results obtained in p-Be, p-In and p-Pb collisions at 400 GeV, from data collected in 2002, and in In-In collisions at 158 AGeV, as a function of centrality, from the 2003 running period. In particular, we show that the inverse m T slope measured in In-In collisions, in the φ µµ decay channel, increases with the number of nucleons participating in the collisions, rather than following a flat trend as seen in the NA50 data collected in the same decay channel but restricted to high p T values. We also show that our measurements seem to agree with the values previously measured by NA49, using φ KK decays, in Pb-Pb and other collision systems.
in Ref. [1, 2] . Here we only briefly mention the detector concept.
The muon spectrometer is placed after a hadron absorber, which stops most hadrons before they can reach trigger hodoscopes and tracking chambers. The muon spectrometer also provides the main trigger to the experiment, the "dimuon trigger". To make sure that only muons can trigger the experiment, the hadron absorber is complemented by a 1.2-meter-long iron wall, placed before the last trigger station at the end of the muon spectrometer. The absorber represents the main limiting factor in the spectrometer, because of fluctuations of energy loss and multiple scattering which result in a degraded resolution of dimuon mass and of the coordinates of the interaction vertex.
The vertex detector reconstructs all charged tracks before the hadron absorber. In order to identify the muons among these, the tracks reconstructed in the muon spectrometer are extrapolated back to the vertex region and matched to the tracks reconstructed in the vertex detector. This matching is done both in coordinate and in momentum space. Once identified, the muons are refitted using the joint information of the muon spectrometer and of the vertex detector. We shall refer to these tracks as "matched muons". This technique allows to overcome the limitation due to the hadron absorber and thus results in much improved mass resolution and vertexing capability with respect to previous dimuon experiments. The mass resolution goes from around 80 MeV to 23 MeV at the φ , when using the information from the vertex detector. The resolution on the determination of the vertex position is 20 µm in the transverse coordinates and better than 200 µm for the longitudinal coordinate. Furthermore, the dipole field in the target region significantly increases the acceptance of low p T and low mass dimuons (Fig. 1) .
In this work, we present results on φ meson production in heavy ion collisions. These studies are motivated by the fact that the φ meson carries information about strangeness production [3] . The yield and p T spectrum of this meson have been studied in Pb-Pb collisions at 158 AGeV incident beam energy by the NA49 (in the φ KK channel [4] ) and the NA50 (in the φ µµ channel [5] ) experiments. They both estimated the inverse slope parameter T fitting p T spectra with an exponential function.
The T values found were in strong disagreement, both in what concerns the absolute value and the centrality dependence. NA50 values were significantly lower than NA49 ones and showed no dependence on centrality. NA49 values, on the other hand, were shown to rise as a function of the number of participants. This discrepancy is also known as the "φ puzzle" [6] .
In this paper we report new measurements in the muon channel done by the NA60 collaboration in p-A collisions (400 GeV incident beam energy) and In-In collisions (158 AGeV incident beam energy), which can help understanding the φ puzzle. NA60, in fact, can measure the φ µµ channel with very good p T coverage and the new collision system adds further information to the general systematics. NA60 can also have access to the φ KK channel, by means of charged tracks reconstructed in the vertex telescope. In this work we only report on results in the dimuon channel, as the φ KK studies are still at a preliminary level. At present, the measurement was shown to be feasible with Monte Carlo simulations, but the background subtraction in the real data still needs to be tuned.
To extract the information on φ production we used spectra of matched muons. These are affected by two sources of background: the combinatorial background and the fake matches. The former is the contribution of uncorrelated muon pairs coming from the decay of pions and kaons. The latter comes from the fact that the matching procedure can fail and a muon can be associated to a wrong track in the vertex telescope. When this happens, the kinematics of the matched muon is highly degraded. The combinatorial background is subtracted with an event mixing technique [7] . The fake matches contribution is estimated via simulation, reconstructing a Monte Carlo dimuon on top of a real event ("overlay Monte Carlo"). This contribution can be alternatively estimated with an event mixing tecnique [7] . The two methods agree within 5%. In order to extract particle yields this clean sample is fitted with the expected sources. These are (two body and dalitz) leptonic decays of low mass mesons and an underlying continuum mostly due to the simultaneous semi-muonic decay of two D mesons.
The decays included in the expected sources are: η µµ, ω µµ, φ µµ, ρ µµ, ω µµπ 0 , η µµγ, η ¼ µµγ.
The p-A data were collected in 2002 with a 400 GeV proton beam. Six targets were installed in the experiment: In, Pb and four Be disks, 2 mm thick each. The statistics in the sample is rather low ( 15000 events after background subtraction and event selection). It was collected in only four days of data taking. The fit of the mass spectra with the expected sources allowed to extract the φ ω cross section ratio. The results we got are 0 062 ¦0 004 for p-Be, 0 083 ¦0 007 for p-In and 0 081 ¦0 006 for p-Pb.
The quoted errors are purely statistical. The p-Be result, in particular, is in agreement with a previous measurement by HELIOS-1 [8] . As can be seen from these results, φ production is already enhanced between p-Be and p-Pb collisions.
The indium-indium data were collected with a 158 AGeV ion beam in a 5-week-long run in 2003. In this paper we present results based on 50% of the very high collected statistics ( 570000 events after background subtraction). The data were divided in four centrality bins as summarized in Table 1 . The bins were selected using the number of charged tracks reconstructed in the vertex telescope. The corresponding number of participants was estimated with a Glauber fit to the ZDC energy spectrum. We studied the φ ω cross section ratio and the p T spectrum of the φ .
To extract the cross section ratios, the mass spectra were fitted independently in the four centrality bins. The parameters allowed to vary were η ω, ρ ω, φ ω and the normalization of the continuum. Fitted spectra were arbitrarily normalized to the ω peak, in order to be compared to the data. Figure 1 shows the acceptance of the experiment in the low mass and low p T region. In order to check if this complex acceptance is under control and if, in general, the apparatus is well understood, the first step in the analysis was a careful study of the most peripheral bin. This was analyzed in three p T windows. The η ω and the φ ω ratios were found to be nearly p T independent. The value of the η ω ratio is in good agreement with previous pp and p-Be measurements [9] . The φ ω ratio is higher than in pp, as expected in nucleus-nucleus collisions. In general the peripheral bin is well described in terms of expected sources, indicating that the acceptances in the low mass and low p T region are under control. The ρ ω ratio, however, shows that there are "too many" ρ mesons at low p T . This "excess" can be interpreted as the effect of pion annihilation in nuclear collisions. Peripheral In-In collisions, thus, are similar to C-C or O-O and not just pp-like. It can be shown that at high p T (² 1 GeV) this contribution becomes negligible, as one recovers the expected ρ ω ratio of 1.2. The effect of pion annihilation becomes dramatic in more central collisions, but NA60 can still extract a robust ω yield, thanks to its excellent mass resolution. For a detailed discussion of the modification of the ρ meson in In-In collisions see Ref. [10] . To avoid this problematic region we decided to restrict our analysis of the particle ratios to the region p T 1 GeV, until the continuum below the ω is fully under control.
The φ ω ratio was studied as a function of centrality and compared to previous measurements. We observe a factor 2 increase from peripheral to central collisions. Figure 2 shows the ratio compared to the φ ´ρ · ωµ ratio measured by NA50 in PbPb collisions [5] . The NA50 points have a common m T cut (m T 1 5 GeV), so we corrected them to a common p T range, assuming the T parameter measured by NA50 itself (228 MeV). The φ ´ρ · ωµ was finally converted to φ ω assuming σ ρ 1 2 σ ω . The trend as a function of centrality is the same in the two experiments, albeit the absolute value of NA60 points is lower. A direct comparison, however, is impossible due to the contribution of pion annihilation discussed above: this must be even higher in Pb-Pb collisions and NA50 cannot isolate it. Figure 2 shows the comparison to the ratio φ π measured by the NA49 experiment. The dependence on centrality is the same also in this case, indicating that the ω π ratio is constant, as expected in statistical models. If we use the value ω π suggested by such models (0.07-0.08) we find that the φ yield in NA60 is higher than that measured by NA49.
To study the p T spectrum of the φ we selected events in the mass window 0 98 M µµ 1 06. The p T spectrum of the continuum below the φ was estimated and subtracted selecting events in two side mass windows (0 88 M µµ 0 92 and 1 12 Our results are in agreement with NA49. This can also be seen in Fig. 4 , which shows the centrality dependence of the T slope parameter, compared to the analogous result obtained by NA49 and NA50. Our average value, moreover, fits very well in the NA49 systematics [11] , the In-In point lying in between the Pb-Pb and the Si-Si points (Fig. 4) . NA50 Pb-Pb result, on the other hand, is quite close to NA49 Si-Si.
We can therefore conclude that the disagreement between NA50 and NA49 was not due to the different decay channels probed.
In this paper NA60 results on φ production in p-A collisions at 400 GeV incident beam energy and In-In collisions at 158 GeV incident beam energy were presented. The φ ω cross section ratio measured by NA60 in p-A collisions is in agreement with previous measurements. The trend with centrality in nuclear collisions agrees with previous measurements of the φ π ratio by NA49 (assuming a constant ω π) and of the φ ´ρ · ωµ ratio by NA50 (properly corrected). The absolute yield, however, seems to lie in between these two. The p T spectrum of the φ was fitted with an exponential function and studied as a function of centrality and rapidity, giving results which agree with the previous measurement of the NA49 experiment.
